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(57) ABSTRACT 
The present invention generally relates to the ?eld of intra 
vascular medical devices, and more speci?cally to the ?eld 
of balloon catheters and other similar diagnostic or thera 
peutic catheters Within the body for treatment and diagnosis 
of diseases. In particular, the present invention relates to 
reinforced balloon catheters and drug-eluting balloon cath 
eters and corresponding methods for producing same. 
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REINFORCED AND DRUG-ELUTING BALLOON 
CATHETERS AND METHODS FOR MAKING 

SAME 

FIELD OF THE PRESENT INVENTION 

[0001] The present invention generally relates to the ?eld 
of intravascular medical devices, and more speci?cally to 
the ?eld of balloon catheters and other similar diagnostic or 
therapeutic devices for insertion or implantation Within the 
body for treatment or diagnosis of diseases. 

BACKGROUND 

[0002] Balloon catheters are being increasingly used to 
reach remote locations in the body of a patient. When the 
target is a soft tissue site, the vascular system in the region 
often consists of vessels of very small diameter. The vessels 
are also often convoluted, making many sharp tWist and 
bends. To navigate these small tortuous vessels requires a 
catheter having a correspondingly small outside diameter. 
The predominant method for achieving small diameters is to 
use catheters having very thin Walls. HoWever, as the Walls 
of a catheter get thinner, they tend to lose their torsional and 
longitudinal rigidity. Su?icient torsional rigidity must be 
maintained to permit steering of the catheter through the 
vessel and su?icient longitudinal rigidity must remain to 
alloW the catheter to be advanced (i.e., pushed) through the 
vessel. Furthermore, thin Wall tubes have a tendency to 
crimp or kink When bent in a small radius. This can result in 
the binding of guide Wires Within the catheter in the vessel 
Which normally depends on prior advancement of a guide 
Wire. 

[0003] The problem of achieving a small tube diameter 
While still having su?icient torsional control and longitudi 
nal control and kink resistance is compounded in cases 
Where a catheter having more than one channel or tube is 
required, such as in the treatment of atherosclerotic lesions 
in the arteries of the brain, in Which a balloon catheter is 
used that is similar to, but much smaller than, that employed 
for percutaneous transluminal coronary angioplasty. Such a 
catheter is typically composed of tWo tubes, an outer tube 
that, at or near its distal end, is in ?uid communication With 
a balloon-like structure and an inner tube through Which a 
guide Wire or other instrumentation may be passed. The 
annular space betWeen the tWo tubes provides a channel 
through Which liquids can be introduced and removed to 
in?ate and de?ate the balloon. 

[0004] The general approach to accommodating the need 
for small outside diameter catheters is to reduce the siZe of 
guide Wires and the Wall thickness of both tubes making up 
a balloon catheter. HoWever, there are limits to the extent to 
Which these dimensional reductions can be taken. If the 
diameter of the guide Wire is reduced too much, the guide 
Wire Will lose its ability to effectively transmit torsional and 
axial (i.e., longitudinal) forces necessary to steer and 
advance the guide Wire through tortuous vascular systems. 
Thus, if the diameter of the Wire is to be maintained at a 
functional dimension, then the ?rst impulse is to reduce 
overall catheter siZe by reducing the Wall thickness of the 
tubular portions of the catheters. 

[0005] Unfortunately, this can result in loss of cross 
sectional circularity of either or both the inside and outside 
tubes, resulting in crimping or kinking. If the inner tube 
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kinks, then the guide Wire Will become bound Within the 
tube’s lumen and can no longer be advanced through the 
vascular system. If the outer tube kinks, it may cause the 
inner tube to close doWn and bind the guide Wire or it may 
constrict, even close doWn, the annular space betWeen the 
tubes making it di?icult or impossible to expand and de?ate 
the balloon structure. 

[0006] Thus, there is a need for a balloon catheter structure 
combining a thin overall cross-section With controlled ?ex 
ibility, kink resistance and the structural strength to With 
stand the high pressures created during the in?ation of the 
balloon portion of the catheter. 

SUMMARY OF THE PRESENT INVENTION 

[0007] The present invention addresses these and other 
needs by providing reinforced balloon catheters and drug 
eluting balloon catheters having a desired combination of 
strength and ?exibility and/or the ability to provide thera 
peutic agents in vivo. 

[0008] According to a ?rst aspect of the present invention, 
a balloon catheter device is provided Which comprises an 
in?atable balloon having an inner surface that de?nes an 
inner volume, and an elongate member having an outer 
surface. The elongate member is disposed Within the inner 
volume of the in?atable balloon such that a lumen is 
established betWeen the inner surface of the balloon and the 
outer surface of the elongate member When the balloon is in 
a non-collapsed state. In addition, a plurality of the strands 
traverse portions of the lumen. For example, at least some of 
the strands can be disposed betWeen the inner surface of the 
balloon and the outer surface of the elongate member. As 
another example, at least some of the strands can be dis 
posed betWeen a ?rst location on the inner surface of the 
balloon and a second location on the inner surface of the 
balloon. As yet another example, at least some of the strands 
correspond to regions betWeen slits in an elastic tube. 

[0009] According to another aspect of the inventing a 
therapeutic medical article is provided Which comprises an 
in?atable balloon having a an inner surface that de?nes a 
inner volume and an elongate member having an outer 
surface, Which is disposed Within the inner volume of the 
in?atable balloon such that a lumen is established betWeen 
the inner surface of the balloon and the outer surface of the 
elongate member When the balloon is in a non-collapsed 
state. A plurality of ?exible holloW members are disposed in 
the lumen. Each holloW member comprises an exterior 
surface and an interior cavity containing a therapeutic agent, 
With a portion of the exterior surface being attached to the 
inner surface of the balloon. Each holloW member also has 
an associated channel that extends (a) from the outer surface 
of the balloon to the interior cavity of the holloW member or 
(b) from the outer surface of the balloon to a puncturing 
member, disposed betWeen inner surface of the balloon and 
the exterior surface of the holloW member, Which punctures 
the holloW member upon in?ation of the balloon. In either 
case, the device is adapted such that therapeutic agent 
contained in the interior cavity of the holloW member exits 
the device through the channel upon in?ation of the balloon. 

[0010] According to another aspect of the present inven 
tion, a method of manufacturing a reinforced balloon cath 
eter is provided Which comprises the folloWing steps: First, 
a catheter assembly is provided that comprises an elongate 
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member having a plurality of strands attached to its outer 
surface. The elongate member is disposed Within an inner 
volume of a balloon that has an adhesive material disposed 
on its inner surface, such that a lumen is formed betWeen the 
outer surface of the elongate member and the inner surface 
of the balloon When the balloon is in a non-collapsed state. 
Subsequently, a force is produced that urges at least some of 
the strands into contact With the adhesive material disposed 
on the inner surface of the balloon, such that upon cure of 
said adhesive material and upon in?ation of the balloon, a 
plurality of strands that traverse portions of the lumen 
betWeen the elongate member and the balloon. Examples of 
forces include centrifugal and electrostatic forces. 

[0011] These and other aspects, along With various advan 
tages and features of the present invention, Will become 
apparent through reference to the folloWing description, the 
accompanying draWings, and the claims. Furthermore, it is 
to be understood that the features of the various embodi 
ments described herein are not mutually exclusive and can 
exist in various combinations and permutations. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] FIGS. 1A and 1B are schematic illustrations of a 
?ber-reinforced balloon catheter according to an embodi 
ment of the present invention. FIG. 1A is a schematic 
illustration of some of the major steps for producing the 
catheter Wherein ends of strands, e. g., reinforcing ?bers, are 
attached to the outer surface of an inner shaft of a balloon 
catheter, Which is placed Within a balloon and the resulting 
assembly rotated around its longitudinal axis. This results in 
radial attachment of the ?bers from the inner surface of the 
outer tube to the outer surface of the inner shaft. FIG. 1B 
shoWs a cross-section of the resulting catheter assembly of 
FIG. 1A along line A-A. 

[0013] FIGS. 2A and 2B are schematic illustrations of 
another embodiment of a ?ber-reinforced balloon catheter of 
the present invention. FIG. 2A schematic illustrates an inner 
shaft of a ?ber-reinforced balloon catheter. As shoWn, both 
ends of tWo representative reinforcing ?bers are attached to 
the outer surface of the inner shaft. FIG. 2B is a see-through 
vieW of a ?ber-reinforced balloon catheter assembled from 
the reinforced inner shaft illustrated in FIG. 2A. 

[0014] FIG. 3 is a schematic representation of a ?ber 
reinforced balloon catheter according to yet another embodi 
ment of the present invention. As shoWn in the see-through 
vieW, a network of long ?bers have adhered themselves 
throughout the inner surface of the balloon to form a 
longitudinally reinforcing layer. 
[0015] FIG. 4A is a schematic representation of a manu 
facturing assembly for producing balloon catheters by rota 
tion Within a light/radiation penetrable housing and curing 
With the application of curing radiation such as infrared or 
UV radiation. 

[0016] FIGS. 4B and 4C are schematic illustrations of a 
manufacturing assembly for producing catheters With non 
circular balloons. FIG. 4B schematically illustrates a manu 
facturing assembly for producing balloons having a plurality 
of lobes. FIG. 4C is a schematic illustration of a cross 
section of the assembly of FIG. 4B along line A-A. 

[0017] FIGS. 4D and 4E are schematic cross-sectional 
illustrations of additional housings for use in accordance 
With the present invention. 

Apr. 13, 2006 

[0018] FIGS. 5A-5C are schematic illustrations of rein 
forced balloon catheters that also release a therapeutic agent 
upon in?ation of the balloon. FIG. 5A is a see-through vieW 
of one embodiment of a drug-eluting balloon catheter having 
holloW sac-like structures that are attached to the inner 
surface of the balloon and to the outer surface of the inner 
shaft. FIG. 5B schematically illustrates a close-up of a 
longitudinal section of the catheter of FIG. 5A, Wherein an 
opening is made through the balloon Wall and into the lumen 
of the sac-like structure and a therapeutic substance is 
inserted into the holloW structure through the opening. FIG. 
5C schematically illustrates another close-up of a longitu 
dinal-sectional vieW of the catheter, shoWing the release of 
the therapeutic agent from the holloW structures. In?ation of 
the balloon results in increase in internal pressure Within the 
balloon that causes the therapeutic agent to be squeezed out 
of the holloW structure and the balloon catheter and onto/ 
into the adjoining lumen Wall. 

[0019] FIGS. 6A-6C are schematic illustrations of another 
embodiment of a drug-eluting balloon catheter in accor 
dance With the invention. FIG. 6A is a see-through vieW of 
one embodiment of a drug-eluting balloon catheter in Which 
sacs are adhered directly to the inner surface of the balloon 
Wall. FIG. 6B schematically illustrates a longitudinal-sec 
tional vieW of the catheter, shoWing the release of the 
therapeutic agent from the sac. FIG. 6C schematically 
illustrates a longitudinal-sectional vieW of a drug-eluting 
balloon catheter Wherein a needle is disposed betWeen the 
holloW structure and the balloon Wall. 

[0020] FIG. 7 is an external vieW of a balloon catheter of 
the present invention as part of a catheter system including 
a Luer assembly and a guide Wire. 

[0021] FIGS. 8A and 8B are schematic partial cross 
sectional vieW illustrating the use of electrostatic force to 
radially extend strands, e.g., reinforcing ?bers, in accor 
dance With the present invention. 

[0022] FIGS. 9A to 9C are schematic illustrations of 
another embodiment of a ?ber-reinforced balloon in accor 
dance With the present invention. FIG. 9A is a schematic 
illustration of an assembly comprising a coated pin With a 
plurality of attached ?bers. FIG. 9B is a schematic see 
though illustration of an assembly comprising the assembly 
of FIG. 9A subsequent to insertion into an adhesive coated 
balloon. FIG. 9C is a schematic see-through vieW of a 
?ber-reinforced balloon assembled from the assembly of 
FIG. 9B. 

[0023] FIG. 10 is a schematic partial cross-sectional vieW 
illustrating an embodiment of a balloon catheter in accor 
dance With the present invention by Which the degree of 
in?ation of the balloon can be measured. 

[0024] FIGS. 11A and 11B are schematic perspective 
vieWs of a slotted elastic tube in resting and axially com 
pressed con?gurations, respectively, according to the 
present invention. 

[0025] FIG. 12 is a schematic perspective vieW of an 
assembly comprising the slotted elastic tube of FIG. 11A 
disposed over a ?exible elongate member, in accordance 
With the present invention. 

[0026] FIG. 13A is a schematic partial cross-sectional 
vieW illustrating an embodiment of a balloon catheter in 
accordance With the present invention Which is formed using 
the assembly of FIG. 12. 
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[0027] FIG. 13B is a schematic partial cross-sectional 
vieW illustrating an alternative embodiment to that of FIG. 
13A. 

[0028] FIG. 14 is a schematic partial cross-sectional vieW 
illustrating an embodiment of the present invention in Which 
cured adhesive ?bers are disposed betWeen the outer surface 
of a ?exible elongate member and the inner surface of a 
balloon. 

[0029] FIGS. 15 and 16 are schematic cross-sectional 
vieWs illustrating tWo embodiments of the present invention 
in Which an extruded parison is bloW molded into a balloon 
having internal support structures. 

[0030] FIGS. 17A and 17B are schematic cross-sectional 
and longitudinal-sectional vieWs illustrating an embodi 
ments of the present invention in Which an extruded parison 
With an internal porous material is bloW molded into a 
balloon having a ?brous internal support netWork. 

DETAILED DESCRIPTION 

[0031] Amore complete understanding of the methods and 
apparatuses of the present invention are available by refer 
ence to the folloWing detailed description of the embodi 
ments When taken in conjunction With the accompanying 
draWings. The detailed description of the embodiments 
Which folloWs is intended to illustrate but not limit the 
present invention. The scope of the present invention is 
de?ned by the appended claims. 

[0032] FIG. 1A illustrates a method producing a rein 
forced balloon catheter 10, according to one particular 
embodiment of the present invention. The balloon catheter 
10 shoWn comprises tWo components, an in?atable balloon 
120 and a ?exible elongate member 20. The in?atable 
balloon 120 comprises a proximal end 122 and a distal end 
124, as Well as an outer surface 130 and an inner surface 140 
that de?nes a volume 150. The ?exible elongate member 20 
likeWise comprises a proximal end 22 and a distal end 24 
and is placed Within the inner volume 150 of the in?atable 
balloon 120. An adhesive material 152 is applied to the inner 
surface 140 of the balloon 120. The elongate member 20 
extends distally beyond the distal end 124 of the balloon 120 
in the embodiment shoWn, and has an inner surface de?ning 
a cylindrical lumen and an outer surface 30 de?ning an outer 
diameter that is less than an inner diameter of the balloon, 
such that an other lumen 160 (annular in cross-section) is 
formed betWeen the balloon 120 and the elongate member 
20. 

[0033] Structural integrity of the balloon 120, Which is 
subjected to high pressures during in?ation, is enhanced by 
incorporating a plurality of reinforcing strands 40 betWeen 
the inside surface of the balloon 120 and the outer surface 30 
of the elongate member 20. Where the reinforcing strands 40 
are elastic in nature, ease of de?ation is also enhanced by the 
elastic rebound of the strands 40. 

[0034] As shoWn in FIG. 1A, the plurality of reinforcing 
strands 40 can be attached to the outer surface 30 of the 
elongate member 20, Which is then placed Within the balloon 
120. Individual strands 40, each having a ?rst end 42 and a 
second end 44, as used herein, may have a variety of 
different geometric con?gurations, and typically include: (a) 
thin, string-like shapes of Whose length is large compared to 
their cross-sectional dimensions (Which strands can have 
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various solid cross-sections, including circular, oval, 
polygonal, unshaped, etc.), (b) ribbon-like structures Where 
each strand has a cross-sectional Width and thickness and 
Where the Width is greater than the thickness, (c) a tapered 
con?guration Wherein the ?rst end of the strand has a 
cross-sectional circumference and/or area that is different 
from that of the second end, (d) helical or coiled con?gu 
rations Which render the strands ?exible or elastic in the 
longitudinal direction, (e) holloW strands Whose length is 
large compared to their outer diameters (e. g., tubular strands 
Whose Walls de?ne an enclosed volume of circular cross 

section, triangular cross-section, rectangular cross-section, 
and so forth). 

[0035] Strands 40 may be constructed of a variety of 
different materials. They may be organic or inorganic. They 
may be formed from a single material or multiple materials; 
for example, they may be formed from a blend of materials 
(e.g., polymer blend, metal alloy, etc.), or they have a 
composite or laminate construction. They may be con 
structed of materials that are the same as or are different 

from the materials used to form the balloon 120 and/or 
elongate material 120. 

[0036] Examples of organic materials for use in strands 40 
include polymeric materials comprising one or more poly 
mers. The polymers can be elastic or inelastic. They can be 
cyclic, linear, or branched. Branched con?gurations include 
star-shaped con?gurations (e.g., con?gurations in Which 
three or more chains emanate from a single branch point), 
comb con?gurations (e.g., con?gurations having a main 
chain and a plurality of side chains), dendritic con?gurations 
(e.g., arborescent and hyperbranched polymers). They can 
be homopolymers or copolymers (e.g., random, statistical, 
gradient, and periodic copolymers such as alternating 
copolymers.) 
[0037] Speci?c examples of polymeric materials include 
the folloWing: aromatic polyamides, also called aramids 
(e.g., KEVLAR), polyole?ns such as polyethylene, (e.g., 
SPECTRA and DYNEEMA ultra-high molecular Weight 
polyethylenes), poly(p-phenylenebenZobisthiaZoles) such as 
TERLON, poly(p-phenylene-2,6-benZobisoxaZoles) such as 
ZYLON, various polyimides, polyamides (nylons), sili 
cones, polyesters such as polyethylene terephthalate or poly 
butylene terephthalate, polyurethanes, polyether block co 
polymers such as polyether block amides, various strand 
forming adhesives, liquid crystal polymers such as 
VECTRAN, and so forth. These strand materials are readily 
available commercially. 

[0038] Many of the above polymers Will undergo defor 
mation and subsequent Work hardening (Which strengthens 
the polymer), once a certain degree of strain is applied, for 
example, due to in?ation of the balloon. Hence, in some 
embodiments, the strands do not achieve full strength until 
the balloon is fully in?ated Within the subject. 

[0039] Examples of inorganic materials for forming the 
strands 40 include both metallic and non-metallic inorganic 
materials. Speci?c examples of metallic materials include, 
for example, metals such as palladium, platinum, rhodium, 
tantalum and the like, as Well as metal alloys such as 
iron-chromium alloys (e.g., stainless steels, Which contain at 
least 50% iron and at least 11.5% chromium), cobalt 
chromium alloys, nickel-titanium alloys (e.g., nitinol), 
cobalt-chromium-iron alloys (e.g., elgiloy alloys), and 
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nickel-chromium alloys (e.g., inconel alloys), among many 
others, some of Which have elastic properties. When indi 
vidual strands 40 are metallic or alloy, each strand 40 has a 
mimimal cross-sectional dimension (e.g., diameter for a 
cylindrical strand, thickness for an elongated strip, Wall 
thickness for a tubular strand, and so forth) Which may vary 
Widely, but is commonly from about 0.0004 inches to about 
0.00075 inches. 

[0040] Examples of non-metallic inorganic materials 
include ceramic and non-ceramic materials. Speci?c 
examples ofnon-metallic inorganic materials include carbon 
?bers, glass ?bers and basalt ?bers, among many others. 

[0041] As Will be appreciated by one of skill in the art, a 
Wide variety of materials may also be used to make the 
balloons 120 and elongate members 20 of the present 
invention, including, for example, polytetra?uoroethylenes 
(Te?on®), polyethylenes, particularly high density polyeth 
ylenes, polypropylenes, polyurethanes, nylons including 
nylon 6 and nylon 12, polyesters including polyalkylene 
terephthalate polymers and copolymers, (e.g., thermoplastic 
polyester elastomers such as Hytrel®, Which is a block 
copolymer containing a hard polybutylene terephthalate 
segment and soft amorphous segments based on long-chain 
polyether glycols), polyimides, polyamides including poly 
ether-block-co-polyamide polymers (e.g., Pebax®), and the 
like. These materials may also be blended or provided in a 
composite or multi-layer construction. Presently polymers 
for use in manufacture of the various aspects of this inven 
tion are Pebax®, nylon 12 and polyethylene terephthalate 
for the balloon 120 and Pebax®, nylon 12, high density 
polyethylene (HDPE) and polyethylene terephthalate for 
elongate member 20. 

[0042] Hence, the strands 40, the balloon 120, and the 
elongate member 20 may be constructed of the same or of 
different materials. 

[0043] These and other variations in shapes, siZes and 
materials of the strands, balloon and elongate member are 
Within the scope of the present invention. 

[0044] As noted above, the elongate member 20 With the 
attached strands, When placed Within the balloon 120, forms 
an assembly having a lumen 160 betWeen the inner surface 
of the balloon and the outer surface of the elongate member 
20. In one embodiment, the assembly is placed on a mandrel 
for support and rotated around its longitudinal axis, for 
example, in direction 00 as illustrated (or in the opposite 
direction, if desired), resulting in radial attachment of the 
strands 40 from the outer surface 30 of the elongate member 
20 to the adhesive material 152 disposed on the inner surface 
140 of the balloon 120. That is, and Without Wishing to be 
bound by theory, rotation of the assembly results in cen 
trifugal forces Which cause loose ends and/or portions of the 
strands not already attached to the outer surface 30 of the 
elongate member 20 to extend in a radially-outWard direc 
tion Within the annular lumen, thereby forming a netWork of 
strands 40 that transverse the annular lumen 160 and rein 
force the inner surface of the balloon 120. 

[0045] The strands can also be urged in a radially-outWard 
direction using forces other than centrifugal forces. For 
instance, the strands can be urged outWard using electro 
static forces. This can be done, for example, by connecting 
the ?exible elongate member to a so-called “van de Graaf” 
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generator. In general, the elongate member in this embodi 
ment should be su?iciently conductive, and the ?bers should 
be sufficiently non-conductive, to achieve the desired out 
Ward electrostatic force. Referring noW to the partial (i.e., 
the balloon is not illustrated) schematic cross-sectional 
illustration of FIG. 8A, this Would alloW the strands 40 to 
unfurl from the elongate member 20 in a tangential direc 
tion, as is also the case With rotation of the elongate member 
20. Moreover, as seen from the schematic partial cross 
sectional illustration of FIG. 8B, by using external counter 
electrodes 200 of opposite charge, one can direct the loose 
ends of the strands 40 to certain regions. For in instance, in 
case Where it is desired to form a three-lobed balloon, one 
can direct the strands to three regions separated by approxi 
mately 120 degrees of angular rotation 0 as illustrated in 
FIG. 8B. 

[0046] Referring again to FIG. 1A, an adhesive bond is 
created betWeen the strands 40 and the inner surface of the 
balloon 120 upon cure of the adhesive material 152, for 
example, by application of a curing step 180, such as 
irradiation. 

[0047] FIG. 1B shoWs a cross-section of one embodiment 
of the balloon catheter 10 of FIG. 1A along line A-A. 
Strands 40, in this case reinforcing ?bers, are shoWn con 
nected betWeen the outer surface 30 of the elongate member 
and the inner surface 140 of the balloon and traverse the 
annular lumen 160 in a radial (e.g., “bicycle spokes”) 
fashion. This netWork of strands transmits force in an inWard 
radial direction during in?ation of the balloon to support 
proper in?ation and also during de?ation of the balloon, 
Where the strands have signi?cant elasticity, facilitating 
quick return of the balloon catheter to a collapsed form. 

[0048] FIGS. 2A and 2B illustrate a method of manufac 
turing a ?ber-reinforced balloon catheter in accordance With 
another embodiment of the present invention. As shoWn in 
FIG. 2A, in this embodiment, both ends of each strand are 
attached to the outer surface of the elongate member 20 to 
form a loop 50. The elongate member 20 With the strand 40 
having both its ?rst end 42 and second end 44 attached to the 
outer surface of the elongate member 20, When placed 
Within the balloon, forms an assembly having an annular 
lumen 160. As discussed above, rotation of the assembly 
around its longitudinal axis in direction 00 as indicated by 
FIG. 2B or the opposite direction (or the creation of 
electrostatic charges), results in attachment of a portion of 
the strand, situated betWeen the ?rst and second ends, to the 
adhesive material 152 disposed on the inner surface 140 of 
the balloon 120. 

[0049] As illustrated in the see-through vieW of FIG. 3, in 
one particular embodiment, the strands 40 are of su?icient 
length such that a large majority of the length of the strands 
situated betWeen the ?rst and second ends becomes attached 
to the inner surface of the balloon 120. The netWork of long 
?bers have adhered themselves along the entire length of the 
inner surface of the balloon 120 to form a longitudinally 
reinforced layer 220. 

[0050] Any adhesive material capable of adhering the 
chosen strand material to the inner surface of the balloon 
(and the outer surface of the elongate member, if appropri 
ate) may be employed in the practice of the present inven 
tion. Adhesive materials can be selected, for example, from 
alkyl cyanoacrylates, acrylics, esters, silicones, and poly 
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urethanes, Which may be cured by any of a number of curing 
mechanisms including exposure to heat, moisture, or radia 
tion (e. g., visible, infrared, UV, RF or microwave radiation). 
For attachment of the strand material to the inner surface of 
the balloon, the curing may be performed following, or 
simultaneous With, the step of radially extending the strands 
(e.g., by rotation, electrostatic force, etc). In certain bene? 
cial embodiments, the balloon comprises a radiation (e.g. 
infrared or ultraviolet) penetrable material and the adhesive 
material comprises a radiation curable material. 

[0051] Optionally, as shoWn in FIG. 4A, the assembly is 
placed in a housing 210 to temporarily contain the assembly 
during the rotation and curing steps. In some embodiments, 
the housing 210 is equipped (e.g., by including a heating or 
lighting element) to assist With curing of the adhesive 
material. In some embodiments, the housing 120 is formed 
of a material that alloWs penetration of radiation, Which 
cures the adhesive material. An example of such material is 
a glass housing made out of ZnSe, Which alloWs IR radiation 
to penetrate. 

[0052] Although a smooth balloon With a circular cross 
section is used above, the present invention is applicable to 
Wide variety of balloon types (including cutting balloons, 
see, e.g., U.S. Pat. No. 5,616,149, perfusion balloons, etc.), 
Which have a variety of siZes and shapes. 

[0053] The present invention can also be used to construct 
balloons Which in?ate to non-circular cross-sections. For 
example, FIGS. 4B and 4C are schematic illustrations in 
Which a non-circular balloon catheter is created according to 
the methods of the present invention. FIGS. 4B and 4C 
schematically illustrate an assembly for producing balloon 
catheters having a plurality of lobes. Strands 40 of differing 
lengths are attached to the outer surface 30 of elongate 
member 20 and the elongate member 20 is placed Within the 
balloon 120. Strands 40 may be attached, for example, using 
an adhesive material such as described above or they may be 
laser bonded to the elongate member 20. The assembly is t 
h e n placed inside a housing 210 or other mold having a 
non-circular cross-section, for example, in order to produce 
perfusion or other balloons, Where multi-lobed or other 
non-circular balloon cross-sections are desired upon in?a 
tion of the balloon. FIG. 4B illustrates a cross-section of the 
catheter assembly of FIG. 4A along line A-A. This cross 
sectional vieW reveals a four-lobed cross-sectional interior 
cavity of the housing 210. Once placed in the housing 210, 
the assembly is, for example, rotated around its longitudinal 
axis (or a charge is applied) as above, forcing the loose ends 
of the strands 40 in a radial outWard direction. Once the 
strands 40 contact the adhesive material Within the balloon, 
curing radiation 180 is applied. Strands 40, Whose lengths 
are greater than the distance betWeen the outer surface of the 
elongate member 20 and the inner surface of the balloon 
120, are attached to the balloon surface. Strands Whose 
lengths are less than that distance, on the other hand, do not 
contact the inner surface 140 of the balloon 120, and thus do 
not become attached to the balloon 120 as illustrated in FIG. 
4C. Consequently, the balloon 120 is non-uniformly rein 
forced by the strands. 

[0054] Moreover, even Where strands 40 are used that are 
su?iciently long to contact the complete interior of balloon 
140, one Would still create a lobed balloon. In particular, the 
free length of the ?bers 40 betWeen the inner surface 140 of 
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the balloon 120 and the outer surface 30 of elongate member 
20 inner tube are longer in the lobed sections than the 
sections betWeen the lobes. 

[0055] When the balloon is in?ated, the fact that the 
balloon’s inner surface has reinforced and non-reinforced 
portions results in non-circular cross-sections, e.g., a perfu 
sion catheter having multiple lobes. Using elastic strands 
Will also assist With balloon folding upon de?ation. The 
placement and length of the strands can be adapted and 
adjusted to produce any number of desired shapes, and 
according to the intended use, all of Which are Within the 
scope of the present invention. 

[0056] For example, elastic or substantially inelastic 
strands can be employed With are su?iciently long to reach 
the balloon at all radial positions. This can also provide 
in?ated balloons With non-circular cross-sections, Where a 
non-circular housing like that employed in FIGS. 4B and 
4C is employed. 

[0057] Further schematic cross-sectional illustrations of 
housings 210, analogous to that of FIG. 4C, are presented 
in FIGS. 4D and 4E, in accordance With further embodi 
ments of the present invention. 

[0058] Another aspect of the present invention, in Which 
strands are attached at both ends to the balloon, is illustrated 
schematically in FIGS. 9A-9C. Referring noW to FIG. 9A, 
strands 40 are mounted in a releasable fashion to a elongate 
member 55. For example, each strand 40 can be attached at 
or near its center to a sacri?cial coating on a metal pin. The 
strands 40 are chosen to be as long as the diameter of the 
balloon or longer. The elongate member 55 With attached 
strands 40 is then inserted into the balloon 120 as illustrated 
in FIG. 9B, and the strands 40 are adhered to an inner Wall 
of the balloon 120 using techniques like those discussed 
above. For example, in the case of ?accid strands, forces 
such as centrifugal and/or electrostatic forces can be used to 
engage the strands 40 With the inner surface of the balloon 
Wall, Which is covered With an adhesive material, folloWed 
by cure of the adhesive material. The elongate member 55 is 
then removed as shoWn in FIG. 9C, for instance, by 
dissolving a sacri?cial coating (e.g., a sugar layer) through 
Which the strands Were attached by to a core pin. An inner 
catheter tube (not illustrated) is then inserted into the balloon 
(e.g., using a sharp tipped object such as a needle or a cone 
to part the strands running through the center of the balloon) 
and secured. There is no need to attach the inner catheter 
tube to the strands in this embodiment. 

[0059] In addition to providing desirable mechanical prop 
er‘ties, the strands can also be used to measure the degree of 
extension of the balloon. For example, radial displacement 
can be converted into electric signals by using a suitable 
electrically active sensor material, Which generates an elec 
tric charge When mechanically deformed, for instance, an 
electroactive polymer, a pieZoelectric material, an electros 
trictive material, or a material Which involve MaxWell 
stresses. Such sensors may be structures comprising com 
posite materials or they may include layers of different 
materials (e.g., metal-insulator-metal structures and innu 
merable other combinations). A feW speci?c examples of 
electro active materials include electroactive polymers such 
as polypyrroles, polyanilines, polythiophenes, polyethylene 
dioxythiophenes, poly(p-phenylene vinylene)s, polysul 
fones and polyacetylenes, pieZoelectric materials including 



US 2006/0079836 A1 

ceramic materials such as Lead Zirkonate Titanate PZT-S, 
Lead Titanate PT, Lead Metaniobate PbNb2O6, barium 
titanate and quartz, metallic piezoelectric materials, addi 
tional polymer materials such as polyvinylidene ?uoride 
(PVDF) and its copolymers With tri?uoroethylene and tet 
ra?uoroethylene, nylons With an odd number of carbons 
(e.g., PA 7), polyvinylchloride (PVC), polyphenyletherni 
trile (PPEN) and polyacrylonitrle (PAN), among many oth 
ers, as Well as combinations thereof. 

[0060] A speci?c embodiment of this aspect of the present 
invention is schematically illustrated in FIG. 10. Referring 
noW to this ?gure, a balloon catheter 10 is shoWn, Which 
includes a balloon 120, a ?exible elongate member 20 (e.g., 
a catheter tube), a ?xed ring 25], Which is attached to the 
?exible elongate member 20 (and can correspond to a ?rst 
marker band), a slidable ring 25s, Which is slidable along a 
portion of the axial length of the ?exible elongate member 
20 (and can correspond to a second marker band), substan 
tially inelastic strands 40a, 40b, connecting the balloon 120 
to the ?xed ring 25], substantially inelastic strands 40c, 40d, 
connecting the balloon 120 to the slidable ring 25s, electri 
cally active material 27, Which generates an electrical signal 
When mechanically deformed and Which is provided With 
electrical leads 27e, and an axially compressible and 
expandable member 28, Which is disposed over the ?exible 
elongate member 20 (e.g., a spring, an elastomeric tube, or 
another axially compressible member). 

[0061] As the balloon 120 expands radially outWard dur 
ing operation (as shoWn by arroW a in FIG. 10), the slidable 
ring 25s moves to the left as indicated by arroW b, com 
pressing the axially compressible member 28. This exerts 
stress upon the electrically active material 27, Which in turn 
generates an electrical signal that is transmitted outside the 
patient via electrical leads 27e (or using another method of 
transmission such as a Wireless transmitter) to a measure 
ment device, Which signal can be correlated to the degree of 
in?ation of the balloon 120. (Note that strands 40a and 40b, 
While providing symmetry, are not needed to generate an 
electrical signal in this particular embodiment.) 

[0062] In other embodiments, the strands 40 in various 
designs of the present invention are formed from a variety of 
actuatable materials including electrically active materials 
such as those described above, Which mechanically deform 
upon application of an electrical potential, as Well as shape 
memory alloys, Which are actuated by heating and cooling 
(e.g., by using a heated or cooled ?uid, by electrical resis 
tance, by inductive heating, and so forth). This arrangement 
Would alloW the distension of the balloon to be ?ned tuned 
by actuating the strands, thereby making them shorter, 
longer or both, as desired. Speci?c examples of shape 
memory alloys include nickel-titanium alloys (nitinol), for 
instance, FLEXINOL ?bers, Which are formed of nitinol and 
available from Dynalloy, lnc., Costa Mesa, Calif., USA. 

[0063] Yet another aspect of the present invention, Which 
is someWhat analogous to the embodiment of the present 
invention illustrated in FIGS. 2A and 2B, Will noW be 
described With reference to FIGS. 11A, 11B, 12 and 13. 
Referring to FIG. 12, an assembly is shoWn Which includes 
a ?exible elongate member 20 over Which is disposed a tube 
of elastic material 45, having slits 45s. The nature of the tube 
of elastic material 45 can perhaps be better seen With 
reference to FIGS. 11A and 11B. In its normal resting state, 
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the tube of elastic material 45 is in the con?guration illus 
trated in FIG. 11A. HoWever, When axially compressed 
from its ends as illustrated in FIG. 11B, the slits 45s Widen 
and the portions of the elastic material 45 betWeen the slits 
45s extend radially outWard. Referring again to FIG. 12, the 
each end of the a tube of elastic material 45 is adhered to the 
?exible elongate member 20 using an adhesive suitable for 
this purpose such as those discussed above (e.g., a UV 
curable adhesive, a heat curable adhesive, an air curable 
adhesive, and so forth). The portions of the elastic material 
45 betWeen the slits 45s remain unattached to the member 
20, but are provided With adhesive regions 46 on their top 
surfaces, Which are also formed from a suitable adhesive 
material such as those discussed above (e.g., a UV curable 
adhesive). The assembly of FIG. 11A is then inserted into a 
balloon 120, and the inside Wall of the balloon 120 pressed 
doWn against the adhesive regions 46, Which are then cured 
(or given time to cure). 

[0064] As shoWn schematically in FIG. 13A, upon in?a 
tion of the balloon 120, the portions of the elastic material 
45 betWeen the slits pull aWay from the member 20. Being 
elastic, the material 45 exerts a radially inWard force on the 
balloon, Which can help maintain the structural integrity of 
the balloon 120 during high pressure in?ation, and can also 
enhanced de?ation of the balloon 120 due to the elastic 
rebound of the material 45. The ends of the balloon 120 are 
adhered to the end of the tube of elastic material 45 via 
adhesive regions 47 as illustrated in FIG. 13A. Also illus 
trated are the adhesive regions 48 Whereby the tube of elastic 
material 45 is attached to member 20. 

[0065] Although a single “lobe” of elastic material 45 is 
provided in the cross section illustrated in FIG. 13A, 
multiple lobes could also be created. For example, as 
illustrated in FIG. 13B, an additional lobe may be created by 
providing an additional adhesive region 48, Whereby the 
tube of elastic material 45 is attached to member 20 at an 
additional point, and by providing an additional adhesive 
region 46, Wherein by the elastic material 45 is attached to 
the inner surface of the balloon 120 at an additional point. 

[0066] In still other embodiments, an assembly is formed 
in Which a ?exible elongate member is disposed Within a 
balloon. An adhesive material is provided on the outer 
surface of the ?exible elongate member, on the inner surface 
of the balloon, or both. The inner surface of the balloon is 
then brought into contact With the outer surface of the 
?exible elongate member, for example, by squeezing the 
balloon onto the ?exible elongate member or by evacuating 
the balloon under negative pressure. Then, the balloon is 
expanded, for example, due to elastic rebound of the balloon 
material or by providing a negative pressure Within the 
balloon. By selecting an adhesive material With the proper 
characteristics, a number of uncured strands of adhesive 
material 40u are formed betWeen the inner surface of the 
balloon 120 and the outer surface of the ?exible elongate 
member 20 as shoWn in the partial schematic illustration of 
FIG. 14. Suitable adhesives include those set forth above, 
such as urethane and ester adhesives. The adhesive is then 
alloWed to passively cure or it is cured using active tech 
niques such as those described above, resulting in the 
formation of reinforcing strands. 

[0067] FIGS. 5A-5C are schematic illustrations of another 
embodiment of the present invention, Wherein the strands 










